INTRODUCTION {#sec1-1}
============

The advent of new systemic chemotherapy agents has led to improved survival in patients with colorectal liver metastasis (CRLM).\[[@ref1][@ref2]\] In this multidisciplinary setting, the role of surgery has drastically changed in the last 20 years, and liver resection with R0 margins is associated with long-term survival. Aggressive surgical resection has been replaced with more conservative surgery in order to maximise liver function, reduce post-operative morbidity, increase recovery and consequently, allow potential adjuvant treatment to be started more quickly post-operatively.\[[@ref3]\] The philosophy of 'parenchymal-sparing surgery,' in contrast to major hepatic resection or the need for complex strategies to induce liver hypertrophy, have gained popularity and recent data demonstrate equal oncologic outcomes compared to standard treatment.\[[@ref4]\] Accurate pre-operative planning and intra-operative ultrasound (US) to map blood vessels and evaluate the extent of the lesion are key factors for the success of this approach. While open surgery is still considered the gold standard in the surgical treatment of CRLM, in particular, when there is a substantial liver disease burden or for patients who previously underwent repeated hepatic resections,\[[@ref5]\] a minimally invasive approach is increasingly widespread in the case of metastases located in anterior segments and in patients with oligo-metastases.\[[@ref6]\] Although in recent years, the use of minimally invasive surgery (MIS) has been expanding in all surgical specialities and in the management of benign and malignant liver lesions, its specific role in the treatment of CRLM remains uncertain. Issues regarding feasibility and oncologic safety of MIS for CRLM are as follows: difficult locations, multiple locations, limitation of the laparoscopic approach in performing a complete study of the liver, presence of primary tumour requiring resection or previous surgery.

Robotic-assisted surgery (RAS) was considered a type of MIS with the potential to overcome some limitations of standard laparoscopy, but to date, there are very little data about its specific role in the treatment of CRLM.\[[@ref7]\] The aim of this study is to report our experience with RAS for treatment of CRLM in a single centre.

MATERIAL AND METHODS {#sec1-2}
====================

Prospectively collected data on all patients scheduled for robotic-assisted CRLM resections performed at our centre, between May 2012 and April 2018, were retrieved from the institutional database and retrospectively analysed. Demographic data, operative time, blood loss (difference between infused and suctioned fluids) and the number of lesions removed were recorded. Information on post-operative complications using the Clavien--Dindo classification and the length of hospital stay (LOS) was also available. Details on pathology, with particular attention to microscopic resection margins, were collected. Patients were followed after discharge with periodic clinical evaluations, laboratory analyses and radiologic imaging. The da Vinci Si was the first robot used, while the latest model, da Vinci Xi, became available in January 2015. Contraindications to using a robotic approach included extensive liver involvement, previous major upper abdominal surgery and difficulties in maintenance of a pneumoperitoneum. From an oncologic standpoint, local and systemic recurrence rate, recurrence site and 1- and 3-year overall and disease-free survival (DFS) were analysed.

Surgical technique {#sec2-1}
------------------

Patient position was defined according to the pre-operative lesion location and number of lesions as well as the need for synchronous primary tumour resection. Exclusive metastasis in the VII or VIII segments was approached preferably with a left flank position, whereas in case of multiple locations or combined colonrectal surgery, patients were positioned supine with legs parted. After establishing the pneumoperitoneum using a Veress needle, five trocars were inserted in a curvilinear fashion (da Vinci Si) or horizontally in (da Vinci Xi) to maintain optimal triangulation and limit collisions. For the right and left anterior resections, the camera port was generally centred on the homo-lateral pararectal line in a supraumbilical position. Operative robotic trocars were placed cranially and laterally with respect to the camera. The surgical cart was positioned at the patient\'s head. For the right lateral management, all the trocars were located close to the subcostal line; in this case, the cart is carry on to patient' right shoulder. The latest robotic platform has new functions which make multi-quadrant surgery possible and the docking phase faster and easier. The first phase of the operation was the exploration of the abdominal cavity and then all of the liver segments to check for occult metastasis and to localise the known lesions. We used a dedicated intra-operative US probe (12-5 MHz, curved linear array, BK Medical APS, Peabody MA, USA) inserted through the assistant port and designed to fit robotic instruments for maximum direct control. US exam was displayed on the console in a real-time manner as a picture-in-picture image, using the TilePro™ function. The relationship of all tumours with blood vessels and the distance from the surface was extensively evaluated. Deep tumours were visualised and the resection area drawn on the Glissonian capsule with electrocautery. The liver was resected using bipolar Maryland forceps or Gyrus PK SuperPulse Generator in the left hand and monopolar scissors in the right one. The assistant used the trocar for suction, irrigation and clipping major vessels if needed. The liver was mobilised to make the target area clearly visible and under control. During transaction, the correct plane was verified with contact US in order to give instant feedback for possible changes of direction. Specimens for extemporaneous pathologic examination were placed in an endobag and retrieved. Haemostatic agents were used if necessary and drains were left near the resection.

Statistical analysis {#sec2-2}
--------------------

SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and STATA version 13 (STATA Corp., TX, USA) software were employed for statistical analysis. Continuous variables are given as mean ± standard deviation and compared using Student\'s *t*-test; *P* \< 0.05 was considered statistically significant. Variables with a non-normal distribution are expressed as median and compared using the Wilcoxon test. Statistical significance was set at 5%. Overall survival was defined as the time between the date of diagnosis and the date of death or last follow-up visit, and DFS time was defined as the time elapsed between the date of diagnosis and tumour progression. Patients, who died from other causes or were alive at the most recent follow-up, were treated as censored in the analysis of DFS time. Survival curves and disease-free intervals were obtained using the Kaplan--Meier method.

RESULTS {#sec1-3}
=======

Data from 20 patients were included in this study, 13 males and 7 females. Mean age was 66 ± 12 years and the mean body mass index was 24.4 ± 2.7 kg/m^2^ \[[Table 1](#T1){ref-type="table"}\]. Six patients (30%) had multiple CRLM with a median of two lesions (range: 2--4); moreover, four cases had bilobar metastasis, one in the V and III segment, one in the VII and III segment, one in VI and III segment and one in VII plus I, II and III segment. All cases were wedge resections. No formal lobectomies or segmentectomies were performed. Operative and pathological data are summarised in [Table 2](#T2){ref-type="table"}. In three cases, with the aid of the da Vinci Xi, a combined MIS with synchronous colon cancer resection was performed: two right colectomies and one abdominal--perineal resection. In the remaining cases, the primary lesion had already been removed; in 10/17 (59%) patients, in a minimally invasive fashion and in 7/17 (41%) with a traditional approach. Apart the primary colorectal cancer resection, a combined procedure was necessary in other two cases: splenectomy for metachronous splenic metastasis and colostomy closure in the other patient. The left flank position was used in seven patients; in the others, the supine position was used to facilitate resection of multiple CRLM or for multi-quadrant surgery. The mean operative time was 198.5 ± 98.0 min and the mean blood loss was 250 ml (range: 200--300 ml). No intra-operative complications or conversion to laparoscopy or open surgery were reported. Only two patients required blood transfusion during surgery, both of them received two units of blood. On pathological examination, the mean nodule size was 3.0 ± 1.8 mm, and in all cases, a parenchymal-sparing approach was successfully used, with R0 resection margins.

###### 

Patient characteristics

  Variables                         Values
  --------------------------------- ------------
  Number of patients                20
  Age (year), mean±SD               66.1±11.8
  Sex ratio (male: female)          13:7
  BMI (kg/m), mean±SD               24.4±2.7
  Patients with multiple CRLM (%)   6 (30)
  Previous surgery MIS (%)          10/17 (59)
  Previous surgery open (%)         7/17 (41)

CRLM: Colorectal liver metastasis; MIS: Minimally invasive surgery; BMI: Body mass index; SD: Standard deviation

###### 

Operative and pathological data

  Variables                                          Values
  -------------------------------------------------- ---------------
  Combined primary colorectal cancer resection (%)   3 (15)
  Operative time (min), mean±SD                      198.5±98.0
  Mean estimate blood loss (ml), range               250 (200-300)
  Intra-operative complication, *n*                  0
  Conversion to laparoscopic or open approach, *n*   0
  Nodule size (cm), mean±SD                          3.0±1.8
  Complete (R0) resection, *n* (%)                   20 (100)

SD: Standard deviation

Post-operative and follow-up data are summarised in [Table 3](#T3){ref-type="table"}. The mean hospital stay was 4.7 ± 1.8 days. Overall complication rate was 25% (4 Clavien--Dindo Grade II and 1 Clavien--Dindo Grade I). No surgical complications or in-hospital mortality were reported. The mean follow-up was 22.5 ± 19.5 months. Twelve patients (60%) were treated with pre-operative chemotherapy, whereas eleven cases (55%) underwent post-operative chemotherapy. During the study period, there were no local recurrences at the cutting edge, while 9 patients (45%) developed new systemic metastasis. The first systemic metastatic site was the lung (8/20 patients, 40%) followed by the liver in other segments (3/20 patients, 15%) and then peritoneum (1/20 patients, 5%). Liver only relapse was not reported and liver plus another site relapse was diagnosed in 3/20 (15%) patients. In two patients, additional surgery was considered suitable after chemotherapy for the treatment of liver metastasis recurrence: in one case, an open approach was used to perform hepatic and peritoneal resection, whereas in the remaining case, a repeated robotic approach was used. As of September 2018, all patients are still alive with 1- and 3-year DFS of 89.5% and 35.8%, respectively \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Postoperative and follow-up data

  Variables                                 Values
  ----------------------------------------- -----------
  Hospital stay (days), mean±SD             4.7±1.8
  Overall complication, *n* (%)             5 (25)
   Clavien-Dindo I                          1 (5)
   Clavien-Dindo II                         4 (20)
  Reoperation rate, *n* (%)                 0
  In-hospital mortality, *n* (%)            0
  Mean follow-up (months), mean±SD          22.5±19.5
  Local recurrence, *n* (%)                 0
  Systemic metastasis recurrence, *n* (%)   9 (45)
  Lung metastasis, *n* (%)                  8 (40)
  Liver metastasis, *n* (%)                 3 (15)
  Peritoneal carcinomatosis, *n* (%)        1 (5)

SD: Standard deviation

![Kaplan--Meier curve showing disease-free survival trend](JMAS-16-160-g001){#F1}

DISCUSSION {#sec1-4}
==========

The minimally invasive approach is gaining widespread acceptance in the field of liver surgery. Several studies have shown the feasibility and safety of a minimally invasive hepatic resection over an open procedure in terms of reduced LOS and improved pain control.\[[@ref8]\] Recent case series demonstrated that for minor liver resections, laparoscopy and RAS are equivalent in terms of surgical results, while in major liver resections or in challenging cases, the robotic technique can add some technical benefits.\[[@ref9][@ref10]\] The case of CRLM is somewhat of an exception as they pose several challenges mainly related to the clear identification of all lesions in the case of multifocal spread, the non-anatomical dissection planes necessary to perform parenchymal-sparing surgery, the synchronous resection of primary colorectal carcinoma and the combination of surgical treatment with chemotherapy. In fact, the liver injury that can be caused by chemotherapy and the expansion of what is considered a resectable lesion, in combination with the significant reduction in what is considered a safe tumour margin, are the principal motivations of parenchymal-sparing liver surgery in management of CRLM. For these reasons today this approach is considered the gold standard associated with less surgical strain and without compromising cancer-related outcomes.\[[@ref11]\] With CRLM, the presence of multiple metastases is common and the ability to intra-operatively detect all the metastases is as important as it is limited in MIS because it does not have direct manual control.

Another challenge when using MIS for CRLM is the non-anatomical nature of the parenchymal-sparing approach that may lead to increased blood loss and consequently more post-operative complications; this blood loss may become relevant during laparoscopic CRLM surgery because of the intrinsic drawbacks of this method, in particular, parenchymal dissection carried out with straight instruments.\[[@ref12]\] The seepage from cut surfaces, the difficulties in controlling bleeding with compression and the curvilinear line in the posterior portion of the right lobe makes laparoscopic multiple wedge resections challenging in several situations.

An effective laparoscopic intra-operative US would be particularly helpful to compensate for some of these limitations, and in experienced hands, could allow the surgeon to detect multiple metastases, guide the exact resection margin, locate the major vessels in order to reduce bleeding risk and visualise the deeper portions providing real-time guidance during minimally invasive wedge resections.\[[@ref13][@ref3]\] Laparoscopic US guarantees real-time guidance in non-anatomical resection, but several barriers exist to its use mainly related to the limited motion of the laparoscopic probe, difficult eye--hand coordination and adequate liver surface and angulation which limit a complete study of the liver or require additional 10-mm trocar insertion.\[[@ref14]\] In fact, laparoscopic intra-operative probes are bulky, with limited motion and less adherence to the surface; hence, especially for the right lateral segments, it may become difficult to explore the liver in a complete manner and follow the resection in real time.

With respect to both of these issues, RAS may add some technical innovations that can improve quality in CRLM surgery. Due to the recent introduction of three-dimensional (3D) laparoscopic cameras, 3D vision is no longer a significant advantage for RAS over pure laparoscopy; however, the fine dissection offered by the EndoWrist robotic instruments is a clear upgrade during liver surgery\[[@ref15][@ref16]\] as well as in various other surgical indications. In particular, the dexterity of intra-corporeal robotic manipulation may eliminate a certain degree of adjustment as the dissection into the hepatic parenchyma deepens, thus keeping the correct resection plane, as well as helping the surgeon work in difficult locations such as the posterolateral segments. Furthermore, the use of special robotic instruments, such as monopolar scissors, Gyrus PK and Maryland bipolar and needle drivers, can be an advantage during precise manoeuvres such as isolating, sealing or suturing vessels or bile ducts, as well as during parenchymal transection. This technologic progress can translate into surgical benefits.

Apart from the intrinsic improvements of the platform itself, the development of a specific robotic US probe has further enhanced surgeons' direct control similar to the control in open surgery. In fact, the robotic US probe can give more flexibility than those used in pure laparoscopy because the surgeon seated at a console, thanks to the flexible cable and the small surface, can manipulate the tip of the probe directly with the dominant hand, easily reaching difficult angles while maintaining perpendicular contact with the liver and providing a high grade of accuracy in defining the number and volume of lesions. The TilePro™ function can superimpose US imaging on the console screen, thus eliminating several problems related to hand--eye coordination and uninterrupted surgical dissection.\[[@ref17]\]

Another issue regarding the treatment of CRLM is the frequent need for a wide-angle operative field because of bilobar presentation, previous surgery or combined primary tumour resection. Even with the limited number of patients with CRLMs in our institution, we observed, in line with results obtained in other indications, that in this setting the use of the da Vinci Xi can offer further advantages, thanks to its increased flexibility and user-friendly interface. In fact, thanks to camera hopping, the 'FLEX' function and integrated table motion,\[[@ref18][@ref19][@ref20]\] the da Vinci Xi permits multi-quadrant robotic surgery to treat multiple hepatic metastases or to plan a colonic resection with an oligo-metastatic liver situation.\[[@ref21][@ref22][@ref23]\] In our experience, all cases in which liver resection was combined with extra-hepatic surgery were successfully completed robotically and no problems were encountered with instrument traffic or setting that lengthened surgical time. Moreover, this new robot may be particularly useful in patients who have had previous open abdominal surgery and require adhesiolysis because the increased flexibility and reduced collisions between arms allow the surgeon to work in narrow spaces that are frequently observed in this situation and subsequently to work in the target area even when the trocar position is not optimal.\[[@ref24]\]

However, although the surgical results were satisfactory, the post-operative course did not translate in a shorter LOS respect than expected for a laparoscopic liver wedge resection. This may be cultural, as in Italy patients expect to leave hospital only when fully recovered and needing little outpatient care. In this regard, Giulianotti\[[@ref25]\] reported a difference of 16 days in the median LOS between patients in Italy and the USA on pancreatic resections.

The oncologic outcome of a minimally invasive approach of CRLM has not been extensively evaluated in the literature. Some clinical and case match studies have shown the feasibility of laparoscopic versus open resection with less surgical stress and an improved post-operative course. However, doubts remain about laparoscopic CRLM resection because of the technical complexity and concerns around oncologic safety mainly related to the adequacy of surgical margins and clear identification of all lesions.\[[@ref26]\] While only small series have dealt in detail with robotic-assisted CRLM treatment,\[[@ref7]\] to the best our knowledge, no one has described the oncologic appropriateness of the procedure. The absence of local recurrence in our series and the DFS comparable to that described in the literature for open surgery\[[@ref27]\] showed the positive oncologic result of robotic CRLM resection in the variable scenarios that we have described, thus demonstrating its versatility.

The main limitations of the present study are related to the limited numbers of patients, and to the lack of a control group, however, to the best of our knowledge, this manuscript reports on the largest series to date on robotic CRLM treatment and is the first to report on mid-term surgical and oncologic results.

CONCLUSIONS {#sec1-5}
===========

The present study has shown that RAS for CRLM surgical treatment was feasible, and in selected cases, played a positive role even in patients' multiple metastases and previous or synchronous surgery. The availability of a dedicated intra-operative US probe, managed directly with the dominant hand of the surgeon, similarly to the open approach, could add additional safety in the management of multiple metastases. The da Vinci Xi adds the ability to perform multi-quadrant surgery, which is particularly useful when synchronous resection of primary tumour is required. RAS appeared to be oncologically safe in this setting, as no patients experienced local relapse in the treated area. However, given the relatively small experience and lack of objective advantages of robotic liver resections, RAS for the treatment of CRLM should be viewed only as an additional option to conventional techniques. Further studies with larger numbers of patients are necessary to elucidate exactly the value of RAS in the management of CRLM.
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